D-Ribose catabolism in archaea: Discovery of a novel oxidative pathway in Haloarcula species.
The Haloarcula species H. marismortui and H. hispanica were found to grow on D-ribose, D-xylose and L-arabinose. Here we report the discovery of a novel promiscuous oxidative pathway of pentose degradation based on genome analyses, identification and characterization of enzymes, transcriptional analyses and growth experiments with knock out mutants. Together, the data indicate that in Haloarcula D-ribose, D-xylose and L-arabinose were degraded to α-ketoglutarate involving the following enzymes: (i) a promiscuous pentose dehydrogenase catalyzed the oxidation of D-ribose, D-xylose and L-arabinose. (ii) a promiscuous pentonolactonase is involved in the hydrolysis of ribonolactone, xylonolactone and arabinolactone. (iii) a highly specific dehydratase, ribonate dehydratase, catalyzed the dehydration of ribonate, and a second enzyme, a promiscuous xylonate/gluconate dehydratase, was involved in the conversion of xylonate, arabinonate and gluconate. Phylogenetic analyses indicated that the highly specific ribonate dehydratase constitutes a novel sugar acid dehydratase family within the enolase superfamily. (iv) Finally, 2-keto-3-deoxypentonate dehydratase and α-ketoglutarate semialdehyde dehydrogenase catalyzed the conversion of 2-keto-3-deoxypentanonate to α-ketoglutarate via α-ketoglutarate semialdehyde.We conclude that the expanded substrate specificity of the pentose dehydrogenase and pentonolactonase towards D-ribose and ribonolactone, respectively and the presence of a highly specific ribonate dehydratase are prerequisites of the oxidative degradation of D-ribose in Haloarcula This is the first characterization of an oxidative degradation pathway of D-ribose to α-ketoglutarate in archaea.Importance The utilization and degradation of D-ribose in archaea, the third domain of life, has not been analyzed so far. We show that Haloarcula species utilize D-ribose which is degraded to α-ketoglutarate via a novel oxidative pathway. Evidence is presented that the oxidative degradation of D-ribose involves novel promiscuous enzymes, pentose dehydrogenase and pentonolactonase, and a novel sugar acid dehydratase highly specific for ribonate. This is the first report of an oxidative degradation pathway of D-ribose in archaea, which differs from the canonical non-oxidative pathway of D-ribose degradation reported for most bacteria. The data contribute to our understanding of the unusual sugar degradation pathways and enzymes in archaea.